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(54) Abstract Title: Selectively releasing ions from an ion trap Into a TOF mass spectrometer 

(57) A mass spectrometer comprising a mass selective 
ion trap, such as a 3D quadrupole field ion trap, 
upstream of a pusher electrode of an orthogonal 
acceleration time-of -flight mass spectrometer 
(oaTOF-MS). Ions are released from the ion trap in 
reverse order of mass-to-charge ratio, with the ions 
having the largest mass to charge ratio (m/z) being 
released first. By appropriate release of the ions 
from the ion trap it is possible to ensure that 
substantially all of the ions arrive at the pusher 
electrode at the same time. In an alternative 
embodiment a plurality of ion packets are 
successively ejected from the ion trap and then are 
sequentially or serially injected into the drift region 
of the mass analyser after different delay times. 
According to both embodiments it is possible to 
achieve a duty cycle approaching 100% across a 
large range of mass-to-charge ratios. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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MASS SPECTROMETER 

The present invention relates to a mass 
spectrometer . 

The duty cycle of an orthogonal acceleration Time 
of Flight ("oaTOF") mass analyser is typically in the 
region of 20-30% for ions of the maximum mass to charge 
ratio and less for ions with lower mass to charge 
ratios . 

Fig. 1 illustrates part of the geometry of a 
conventional orthogonal acceleration Time of Flight mass 
analyser. In an orthogonal acceleration Time of Flight 
mass analyser ions are orthogonally accelerated into a. 
drift region (not shown) by a pusher electrode 1 having 
a length LI. The distance between the pusher electrode 
1 and the ion detector 2 may be defined as being L2 . 
The time taken for ions to pass through the drift 
region, be reflected by a reflectron (not shown) and 
reach the ion detector 2 is the same as the time it 
would have taken for the ions to have travelled the 
axial distance L1+L2 from the centre of the pusher 
electrode 1 to the centre of the ion detector 2 had the 
ions not been accelerated into the drift region. The 
length of the ion detector 2 is normally at least LI so 
as to eliminate losses. 

If the Time of Flight mass analyser is designed to 
orthogonally accelerate ions having a maximum mass to 
charge ratio M ma * then the cycle time AT between 
consecutive energisations of the pusher electrode 1 (and 
hence pulses of ions into the drift region) is the time 
required for ions of mass to charge ratio equal to M max 
to travel the axial distance L1+L2 from the pusher 
electrode 1 to the ion detector 2. 



The duty cycle D cy for ions with a mass to charge 
ratio M is given by: 



A/ 



For example, if LI is 35 mm and the distance L2 is 
90 mm then the duty cycle for ions of maximum mass to 
charge value is given by L1/(L1 + L2, which equals 28 0% 
increasing LI and/or decreasing L2 will in theory 
increase the duty cycle. However, increasing LI would 
require a larger and hence more expensive ion detector 2 
and this would also place a greater demand on mechanical 
alignment including grid flatness. Such an option is 
not therefore practical. 

On the other hand, reducing L2 would also be 
impractical. Reducing L2 p er S e would shorten the 
flight time in the drift region and result in a loss of 
resolution. Alternatively, L2 could be reduced and ^ 
flight time kept constant by reducing the energy of the 
ions prior to them reaching the pusher electrode 1 
However, this would result in ions which were less 
confined and there would be a resulting loss in 
transmission . 

A person skilled in the art will therefore 
appreciate that for mechanical and physical reasons 
constraints are placed on the values that LI and L2 can 

take, and this result- in 

resuirs in a typical maximum duty cycle 

in the range 20-30%. 

It is taown to trap and store ions upstream of the 
pusher eiectrode 1 in an ion trap which is non-mass 
selective i.e. the ion trap does not discriminate on the 
basis of mass to charge ratio but either traps an ions 
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or releases all ions (by contrast a mass selective ion 
trap can release just some ions having specific mass to 
charge ratios whilst retaining others) . All the ions 
trapped within the ion trap are therefore released in a 
5 packet or pulse of ions. Ions with different mass to 
charge values travel with different velocities to the 
pusher electrode 1 so that only certain ions are present 
adjacent the pusher electrode 1 when the pusher 
electrode 1 is energised so as to orthogonally 

10 accelerate ions into the drift region. Some ions will 
still be upstream of the pusher electrode 1 when the 
pusher electrode 1 is energised and other others will 
have already passed the pusher electrode 1 when the 
pusher electrode 1 is energised. Accordingly, only some 

15 of the ions released from the upstream ion trap will 
actually be orthogonally accelerated into the drift 
region of the Time of Flight mass analyser. 

By arranging for the pusher electrode 1 to 
orthogonally accelerate ions a predetermined time after 

20 ions have been released from the ion trap it is possible 
to increase the duty cycle for some ions having a 
certain mass to charge ratio to approximately 100%. 
However, the duty cycle for ions having other mass to 
charge ratios may be much less than 100% and for a wide 

25 range of mass to charge ratios the duty cycle will be 
0%. 

The dashed line in Fig. 2 illustrates the duty 
cycle for an orthogonal acceleration Time of Flight mass 
analyser operated in a conventional manner without an 
30 upstream ion trap. The maximum mass to charge ratio is 
assume to be 1000, LI was set to 35mm and the distance 
L2 was set to 90mm. The maximum duty cycle is 28% for 



ions of mass to charge ratio 1000 and for lower mass to 
charge ratio ions the duty cycle is much less. 

The solid line in Fig. 2 illustrates how the duty 
cycle for some ions may be enhanced to approximately 
100% when a non-mass selective upstream ion trap is 
used. in this case it is assumed that the distance from 
the ion trap to the pusher electrode 1 is 165 mm and 
that the pusher electrode 1 is arranged to be energised 
at a time after ions are released from the upstream ion 
trap such that ions having a mass to charge ratio of 300 
are orthogonally accelerated with a resultant duty cycle 
of 100%. However, as is readily apparent from Fig. 2, 
the duty cycle for ions having smaller or larger mass to 
charge ratios decreases rapidly so that for ions having 
a mass to charge ratio * 200 and for ions having a mass 
to charge ratio ^ 450 the duty cycle is 0%. The known 
method of increasing the duty cycle for just some ions 
may be of interest if only a certain part of the mass 
spectrum is of interest such as for precursor ion 
discovery by the method of daughter ion scanning. 
However, it is of marginal or no benefit if a full mass 
spectrum is required. 

It is therefore desired to provide a mass 
spectrometer which overcomes at least some of the 
disadvantages of the known arrangements. 

According to an aspect of the present invention 
there is provided a mass spectrometer comprising: a mass 
selective ion trap; an orthogonal acceleration Time of 
Flight mass analyser arranged downstream of the ion 
trap, the orthogonal acceleration Time of Flight mass 
analyser comprising an electrode for orthogonally 
accelerating ions; and a control means for controlling 
the mass selective ion trap and the orthogonal 



acceleration Time of Flight mass analyser, wherein in a 
mode of operation the control means controls the ion 
trap and the orthogonal acceleration Time of Flight mass 
analyser so that: (i) at a first time t x ions having mass 
to charge ratios within a first range are arranged to be 
substantially passed from the ion trap to the orthogonal 
acceleration Time of Flight mass analyser whilst ions 
having mass to charge ratios outside of the first range 
are not substantially passed to the orthogonal 
acceleration Time of Flight mass analyser; (ii) at a 
later time ti+Ati the electrode is arranged to 
orthogonally accelerate ions having mass to charge 
ratios within the first range; (iii) at a second later 
time t 2 ions having mass to charge ratios within a second 
range are arranged to be substantially passed from the 
ion trap to the orthogonal acceleration Time of Flight 
mass analyser whilst ions having mass to charge ratios 
outside of the second range are not substantially passed 
to the orthogonal acceleration Time of Flight mass 
analyser; and (iv) at a later time t 2 +At 2 the electrode 
is arranged to orthogonally accelerate ions having mass 
to charge ratios within the second range, wherein Ati ^ 
At 2 . Accordingly, ions are released from the ion trap 
and are orthogonally accelerated after a first delay and 
then further ions are released from the ion trap and are 
orthogonally accelerated after a second different delay 
time . 

At the first time ti ions having mass to charge 
ratios outside of the first range are preferably 
substantially retained within the ion trap. Likewise, 
at the second time t 2 ions having mass to charge ratios 
outside of the second range are preferably substantially 
retained within the ion trap* 
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The first range preferably has a minimum mass to 
charge ratio Ml min and a maximum mass to charge ratio 

and wherein the value Ml max -Ml Bir> falls within a 
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
1500. 

Similarly, the second range preferably has a 
minimum mass to charge ratio M2 min and a maximum mass to 
charge ratio M2 aax and wherein the value M2 max -M2 reln falls 
within a range of 1-50, 50-100, 100-200, 200-300, 300- 
400, 400-500, 500-600, 600-700, 700-800, 800-900, 900- 
1000, 1000-1100, 1100-1200, 1200-1300, 1300-1400, 1400- 
1500 or > 1500. 

The control means preferably further controls the 
ion trap and the orthogonal acceleration Time of Flight 
mass analyser so that: (v) at a third later time t 3 ions 
having mass to charge ratios within a third range are 
arranged to be substantially passed from the ion trap to 
the orthogonal acceleration Time of Flight mass analyser 
whilst ions having mass to charge ratios outside of the 
third range are not substantially passed to the 
orthogonal acceleration Time of Flight mass analyser; 
and (vi) at a later time t 3 +At 3 the electrode is arranged 
to orthogonally accelerate ions having mass to charge 
ratios within the third range, wherein At x # At 2 # At 3 . 

At the third time t 3 ions having mass to charge 
ratios outside of the third range are preferably 
substantially retained within the ion trap. 

The third range preferably has a minimum mass to 
charge ratio M3 mln and a maximum mass to charge ratio 
M3 nax and wherein the value M3„ x -M3 Bl(1 falls within a 
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 



500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
1500. 

The control means preferably further controls the 
ion trap and the orthogonal acceleration Time of Flight 
mass analyser so that: (vii) at a fourth later time t 4 
ions having mass to charge ratios within a fourth range 
are arranged to be substantially passed from the ion 
trap to the orthogonal acceleration Time of Flight mass 
analyser whilst ions having mass to charge ratios 
outside of the fourth range are not substantially passed 
to the orthogonal acceleration Time of Flight mass 
analyser; and (viii) at a later time t 4 +At 4 the electrode 
is arranged to orthogonally accelerate ions having mass 
to charge ratios within the fourth range, wherein At x * 
At 2 * At 3 * At 4 . 

At the fourth time t 4 ions having mass to charge 
ratios outside of the fourth range are preferably 
substantially retained within the ion trap. 

The fourth range preferably has a minimum mass to 
charge ratio M4 min and a maximum mass to charge ratio 
M4 ma x and wherein the value M4 ma x-M4 min falls within a 
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
-1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
1500. According to various embodiments at least five, 
six, seven, eight, nine, ten or more bunches of ions may 
be consecutively released from the ion trap and 
orthogonally accelerated after a delay time which 
preferably varies in each case. 

The mass selective ion trap may be either a 3D 
quadrupole field ion trap, a magnetic ("Penning") ion 
trap or a linear quadrupole ion trap. 
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The ion trap may comprise in use a gas so that ions 
enter the ion trap with energies such that the ions are 
collisionally cooled without substantially fragmenting 
upon colliding with the gas. Alternatively, ions may be 
arranged to enter the ion trap with energies such that 
at least 10% of the ions are caused to fragment upon 
colliding with the gas i.e. the ion trap also acts as a 
collision cell. 

Ions may be released from the mass selective ion 
trap by mass-selective instability and/or by resonance 
ejection. If mass-selective instability is used to 
eject ions from the ion trap then the ion trap is either 
in a low pass mode or in a high pass mode. As such, 
MUax and/or M2 max and/or M3 max and/or M4 max may in a high 
15 pass mode be at infinity. Likewise, in a low pass mode 
Ml min and/or M2 mJn and/or M3 min and/or M4 min may be zero. 
If resonance ejection is used to eject ions from the ion 
trap then the ion trap may be operated in either a low 
pass mode, high pass mode or bandpass mode. other modes 
of operation are also possible. 

The orthogonal acceleration Time of Flight mass 
analyser preferably comprises a drift region and an ion 
detector, wherein the electrode is arranged to 
orthogonally accelerate ions into the drift region. 
The mass spectrometer may further comprise an ion 
source, a quadrupole mass filter and a gas collision 
cell for collision induced fragmentation of ions. 

According to an embodiment the mass spectrometer 
may comprise a continuous ion source such as an 
Electrospray ion source, an Atmospheric Pressure 
Chemical lonisation ("APCI", ion source, an Electron 
Impact ("EI") ion source, an Atmospheric Pressure Photon 
lonisation ("APPI", ion source, a Chemical lonisation 
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("CI") ion source, a Fast Atom Bombardment ( "FAB" ) ion 
source, a Liquid Secondary Ions Mass Spectrometry 
("LSIMS") ion source, an Inductively Coupled Plasma 
("ICP") ion source, a Field Ionisation ("FI") ion 
5 source, and a Field Desorption ("FD") ion source. 

For operation with a continuous ion source a 
further ion trap may be provided which continuously 
acquires ions from the ion source and traps them before 
releasing bunches of ions for storage in the mass 

10 selective ion trap. The further ion trap may comprise a 
linear RF multipole ion trap or a linear RF ring set 
(ion tunnel) ion trap. A linear RF ring set (ion 
tunnel) is preferred since it may have a series of 
programmable axial fields. The ion tunnel ion guide can 

15 act therefore not only as an ion guide but the ion 
tunnel ion guide can move ions along its length and 
retain or store ions at certain positions along its 
length. Hence, in the presence of a bath gas for 
collisional damping the ion tunnel ion guide can 

20 continuously receive ions from a ion source and store 
them at an appropriate position near the exit- If 
required it can also be used for collision induced 
fragmentation of those ions. It can then be programmed 
to periodically release ions for collection and storage 

2 5 in the ion trap. 

Between each release of ions the mass selective ion 
trap may receive a packet of ions from the further ion 
trap. The trapping of ions in the ion trap may also be 
aided by the presence of a background gas or bath gas 

30 for collisional cooling of the ions. This helps quench 
their motion and improves trapping. In this way the 
mass selective ion trap may be periodically replenished 



with ions ready for release to the orthogonal 
acceleration Time of Flight mass analyser. 

An arrangement incorporating two traps enables a 
high duty cycle to be obtained for all ions irrespective 
of their mass to charge value. a tandem guadrupole Time 
of Flight mass spectrometer may be provided comprising 
an ion source, an ion guide, a guadrupole mass filter, a 
gas collision cell for collision induced fragmentation, 
an 3D guadrupole ion trap, a further ion guide, and an 
orthogonal acceleration Time of Flight mass analyser. 
It will be apparent that the duty cycle will be 
increased compared with conventional arrangements 
irrespective of whether the mass spectrometer is 
operated in the MS (non-fragmentation) mode or MS /MS 
(fragmentation) mode. 

According to another embodiment the mass 
spectrometer may comprise a pseudo-continuous ion source 
such as a Matrix Assisted Laser Desorption lonisation 
( "MALDI " ) ion source and a drift tube or drift region 
arranged so that ions become dispersed. The drift tube 
or drift region may also be provided with gas to 
collisionally cool ions. 

According to another embodiment the mass 
spectrometer may comprise a pulsed ion source such as a 
Matrix Assisted Laser Desorption lonisation ("MALDI") 
ion source or a Laser Desorption lonisation ion source. 

Although a further ion trap is preferably provided 
upstream of the mass selective ion trap when a 
continuous ion source is provided, a further ion trap 
may be provided irrespective of the type of ion source 
bexng used. m a mode of operation the axial electric 
field along the further ion trap may be varied either 
temporally and/or spatially. m a mode of operation 



ions may be urged along the further ion trap by an axial 
electric field which varies along the length of the 
further ion trap. In a mode of operation at least a 
portion of the further ion trap may act as an AC or RF- 
only ion guide with a constant axial electric field. In 
a mode of operation at least a portion of the further 
ion trap may retain or store ions within one or more 
locations along the length of the further ion trap. 

According to a particularly preferred embodiment 
the further ion trap may comprise an AC or RF ion tunnel 
ion trap comprising at least 4 electrodes having similar 
sized apertures through which ions are transmitted in 
use. The ion trap may comprise at least 4, 5, 6, 7, 8, 
9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95 or 100 such electrodes according to 
other embodiments. 

According to less preferred embodiments the further 
ion trap may comprise a linear quadrupole ion trap, a 
linear hexapole, octopole or higher order multipole ion 
trap, a 3D quadrupole field ion trap or a magnetic 
("Penning") ion trap. The further ion trap may or may 
not therefore be mass selective itself. 

The further ion trap preferably substantially 
continuously receives ions at one end. 

The further ion trap may comprise in use a gas so 
that ions are arranged to either enter the further ion 
trap with energies such that the ions are collisionally 
cooled without substantially fragmenting upon colliding 
with the gas. Alternatively, ions may be arranged to 
enter the further ion trap with energies such that at 
least 10% of the ions are caused to fragment upon 
colliding with the gas i.e. the further ion trap acts as 
a collision cell. 
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The further ion trap preferably periodically 
releases ions and passes at least some of the ions to 
the mass selective ion trap. 

According to another aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a 3D quadrupole ion trap; an orthogonal 
acceleration Time of Flight mass analyser arranged 
downstream of the 3D quadrupole ion trap, the orthogonal 
acceleration Time of Flight mass analyser comprising an 
electrode for orthogonally accelerating ions; and 
control means for controlling the ion trap and the 
electrode, wherein the control means causes: (i) a first 
packet of ions having mass to charge ratios within a 
first range to be released from the ion trap and then 
the electrode to orthogonally accelerate the first 
packet of ions after a first delay time; and (ii) a 
second packet of ions having mass to charge ratios 
within a second (different) range to be released from 
the ion trap and then the electrode to orthogonally 
accelerate the second packet of ions after a second 
(different) delay time. 

The control means preferably further causes: (iii) 
a third packet of ions having mass to charge ratios 
within a third (different) range to be released from the 
ion trap and then the electrode to orthogonally 
accelerate the third packet of ions after a third 
(different) delay time; and (iv, a fourth packet of ions 
having mass to charge ratios within a fourth (different) 
range to be released from the ion trap and then the 
electrode to orthogonally accelerate the fourth packet 
of ions after a fourth (different) delay time. 

The first, second, third and fourth ranges are 
preferably all different and the first, second, third 



and fourth delay times are preferably all different. 
Preferably, at least the upper mass cut-off and/or the 
lower mass cut-off of the first/ second, third and 
fourth ranges are different. The width of the first, 
second, third and fourth ranges may or may not be the 
same. According to other embodiments at least 5, 6, 7, 
8, 9, 10 or more than 10 packets of ions may be released 
and orthogonally accelerated. 

According to another aspect of the present 
invention there is provided a method of mass 
spectrometry comprising: ejecting ions having mass to 
charge ratios within a first range from a mass selective 
ion trap whilst ions having mass to charge ratios 
outside of the first range are retained within the ion 
trap; orthogonally accelerating ions having mass to 
charge ratios within the first range after a first delay 
time; ejecting ions having mass to charge ratios within 
a second (different) range from a mass selective ion 
trap whilst ions having mass to charge ratios outside of 
the second range are retained within the ion trap; and 
orthogonally accelerating ions having mass to charge 
ratios within the second range after a second delay time 
different from the first delay time. 

According to another aspect of the present 
invention there is provided a mass spectrometer 
comprising a mass selective ion trap upstream of an 
electrode for orthogonally accelerating ions, wherein in 
a mode of operation a first packet of ions is released 
from the ion trap and the electrode is energised after a 
first predetermined delay time, a second packet of ions 
is released from the ion trap and the electrode is 
energised after a second predetermined delay time, a 
third packet of ions is released from the ion trap and 
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the electrode is energised after a third predetermined 
delay time, and a fourth packet of ions is released from 
the ion trap and the electrode is energised after a 
fourth predetermined delay time, wherein the first, 
second, third and fourth delay times are all different. 

According to another aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a mass selective ion trap; and an orthogonal 
acceleration Time of Flight mass analyser having an 
electrode for orthogonally accelerating ions into a 
drift region; wherein multiple packets of ions are 
progressively released from the mass selective ion trap 
and are sequentially or serially ejected into the drift 
region after different delay times. The ions are 
progressively released according to their mass to charge 
ratios i.e. the ions are released in a mass to charge 
ratio selective manner. 

According to another aspect of the present 
invention, there is provided a method of mass 
spectrometry comprising: progressively releasing 
multiple packets of ions from a mass selective ion trap 
so that the packets of i ons are sequentially or serially 
ejected into a drift region of an orthogonal 
acceleration Time of Flight mass analyser by an 
electrode after different delay times. The ions are 
progressively released according to their mass to charge 
ratios i.e. the ions are released in a mass to charge 
ratio selective manner. 



According to another aspect of the present 
invention there is provided a mass spectrometer 
comprising: a mass selective ion trap; an orthogonal 
acceleration Time of Flight mass analyser arranged 
5 downstream of the ion trap, the orthogonal acceleration 
Time of Flight mass analyser comprising an electrode for 
orthogonally accelerating ions; and a control means for 
controlling the mass selective ion trap and the 
orthogonal acceleration Time of Flight mass analyser, 

10 wherein in a mode of operation the control means 

controls the ion trap and the orthogonal acceleration 
Time of Flight mass analyser so that: (i) at a first 
time ti ions having mass to charge ratios within a first 
range are arranged to be substantially passed from the 

15 ion trap to the orthogonal acceleration Time of Flight 
mass analyser whilst ions having mass to charge ratios 
outside of the first range are not substantially passed 
to the orthogonal acceleration Time of Flight mass 
analyser; (ii) at a second later time t 2 after ti ions 

20 having mass to charge ratios within a second range are 

arranged to be substantially passed from the ion trap to 
the orthogonal acceleration Time of Flight mass analyser 
whilst ions having mass to charge ratios outside of the 
second range are not substantially passed to the 

25 orthogonal acceleration Time of Flight mass analyser; 
and (iii) at a later time t puS h after ti and t 2 the 
electrode is arranged to orthogonally accelerate ions 
having mass to charge ratios within the first and second 
ranges. The electrode is not energised in the time 

30 after ti and prior to t puS h. 

According to a preferred embodiment ions are 
released from the mass selective ion trap in a pulsed 
manner as a number of discrete packets of ions. 
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However, according to another embodiment the mass 
selective characteristics of the mass selective ion trap 
may be continuously varied. Therefore, reference in the 
claims to ions having mass to charge ratios within a 
first range being released at a first time ti and ions 
having mass to charge ratios within a second range etc. 
being released at a second etc. time t 2 should be 
construed as covering embodiments wherein the mass 
selective characteristics of the mass selective ion trap 
are varied in a stepped manner and embodiments wherein 
the mass selective characteristics of the mass selective 
ion trap are varied in a substantially continuous 
manner. Embodiments are also contemplated wherein the 
mass selective characteristics of the ion trap may be 
varied in a stepped manner for a portion of an operating 
cycle and in a continuous manner for another portion of 
the operating cycle. 

At the first time t a ions having mass to charge 
ratios outside of the first range are preferably 
substantially retained within the ion trap. Likewise, 
at the second time t 2 ions having mass to charge ratios 
outside of the second range are preferably substantially 
retained within the ion trap. 

The first range preferably has a minimum mass to 
charge ratio Ml mln and a maximum mass to charge ratio 
Ml max . The value Ml max -Ml min preferably falls within a 
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
30 1500. 

Similarly, the second range has a minimum mass to 
charge ratio M2 min and a maximum mass to charge ratio 
M2 max . The value M2 raax -M2 Blln preferably falls within a 
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25 



range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
1500* 

5 Preferably, Mlmax > M2 max and/or Ml min > M2 rain i.e. the 

upper mass cut-off in the first range is preferably 
greater than the upper mass cut-off in the second range 
and/or the lower mass cut-off in the first range is 
preferably greater than the lower mass cut-off in the 

10 second range. 

The control means preferably further controls the 
ion trap and the orthogonal acceleration Time of Flight 
mass analyser so that: (iv) at a third later time t 3 
after ti and t 2 but prior to t pu sh ions having mass to 

15 charge ratios within a third range are arranged to be 

substantially passed from the ion trap to the orthogonal 
acceleration Time of Flight mass analyser whilst ions 
having mass to charge ratios outside of the third range 
are not substantially passed to the orthogonal 

20 acceleration Time of Flight mass analyser; and wherein 
at the time t puS h the electrode is arranged to 
orthogonally accelerate ions having mass to charge 
ratios within the first, second and third ranges. 

At the third time t 3 ions having mass to charge 

25 ratios outside of the third range are preferably 
substantially retained within the ion trap. 

The third range preferably has a minimum mass to 
charge ratio M3 min and a maximum mass to charge ratio 
M3 max . The value M3 max -M3 mln preferably falls within a 

30 range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 

500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
1500. 
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Preferably, M2 nax > M3™ and/or M2 min > M3 raln . 
The control means preferably further controls the 
ion trap and the orthogonal acceleration Time of Flight 
mass analyser so that: (v) at a fourth later time t 4 
after t lf t 2 and t 3 but prior to t push ions having mass to 
charge ratios within a fourth range are arranged to be 
substantially passed from the ion trap to the orthogonal 
acceleration Time of Flight mass analyser whilst ions 
having mass to charge ratios outside of the fourth range 
are not substantially passed to the orthogonal 
acceleration Time of Flight mass analyser; and wherein 
at the time t push the electrode is arranged to 
orthogonally accelerate ions having mass to charge 
ratios within the first, second, third and fourth 
ranges . 

At the fourth time t< ions having mass to charge 
ratios outside of the fourth range are preferably 
substantially retained within the ion trap. 

The fourth range preferably has a minimum mass to 
charge ratio M4 min and a maximum mass to charge ratio 
M4 roax . The value M4 max -M4 min preferably falls within a 
range of 1-50, 50-100, 100-200, 200-300, 300-400, 400- 
500, 500-600, 600-700, 700-800, 800-900, 900-1000, 1000- 
1100, 1100-1200, 1200-1300, 1300-1400, 1400-1500 or > 
25 1500. 

Preferably, M 3 roax > M4 max and/or M3 roin > M4 min . The 
electrode is not energised after time t x and prior to 

Ions may be released from the mass selective ion 
trap by mass-selective instability and/or by resonance 
ejection. if mass-selective instability is used to 
eject ions from the ion trap then the ion trap is either 
in a low pass mode or in a high pass mode. As such, 
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30 



Ml max and/or M2 max and/or M3 max and/or M4 ma x may in a high 
pass mode be at infinity. Likewise, in a low pass mode 
Ml m i ri and/or M2,nin and/or M3 roin and/or M4 raln may be zero. 
If resonance ejection is used to eject ions from the ion 
trap then the ion trap may be operated in either a low 
pass mode, high pass mode or bandpass mode. Other modes 
of operation are also possible. 

According to another aspect of the present 
invention there is provided a mass spectrometer 
comprising: a 3D quadrupole ion trap; an orthogonal 
acceleration Time of Flight mass analyser arranged 
downstream of the 3D quadrupole ion trap, the orthogonal 
acceleration Time of Flight mass analyser comprising an 
electrode for orthogonally accelerating ions; and 
control means for controlling the ion trap and the 
electrode, wherein the control means causes: (i) at a 
first time ti a first packet of ions having mass to 
charge ratios within a first range to be released from 
the ion trap; and (ii) at a second later time t 2 after ti 
a second packet of ions having mass to charge ratios 
within a second (different) range to be released from 
the ion trap; and then (iii) at a later time t puS h after 
ti and t 2 the electrode to orthogonally accelerate the 
first and second packets of ions. The electrode is not 
energised after time ti and prior to t pua h. 

Preferably, the control means further causes: (iv) 
at a time t 3 after ti and t 2 but prior to t push a third 
packet of ions having mass to charge ratios within a 
third (different) range to be released from the ion 
trap; and (v) at a time t 4 after ti, t 2 and t 3 but prior 
to tpush a fourth packet of ions having mass to charge 
ratios within a fourth (different) range to be released 
from the ion trap. 
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Preferably, the first, second, third and fourth 
ranges are all different. Preferably, at least the 
upper mass cut-off and/or the lower mass cut-off of the 
first, second, third and fourth ranges are different. 
The width of the first, second, third and fourth ranges 
may or may not be the same. 

Preferably, the first range has a maximum mass to 
charge ratio Ml„ ax/ the second range has a maximum mass 
to charge ratio M2 maKt the third range has a maximum mass 
to charge ratio M3 raax , the fourth range has a maximum 
mass to charge ratio M4«, x , and wherein Ml™ > M2 max > 
M3 max > M4 max . Alternatively, in the case of mass- 
selective instability Ml max , M2 max , M3max , M4 Inax etc. may 
all be at infinity. 

Preferably, the first range has a minimum mass to 
charge ratio Ml„a n , the second range has a minimum mass 
to charge ratio M2 min/ the third range has a minimum mass 
to charge ratio M3 min , the fourth range has a minimum 
mass to charge ratio M4 roax , and wherein Ml rain > M2 mln > 
M3 min > M4 min . Alternatively, in the case of mass- 
selective instability Ml mln , M2 mln , M3 min/ M4mln etc. may 
all be at zero. 

According to another aspect of the present 
invention, there is provided a method of mass 
spectrometry comprising: ejecting ions having mass to 
charge ratios within a first range from a mass selective 
ion trap whilst ions having mass to charge ratios 
outside of the first range are retained within the ion 
trap; then ejecting ions having mass to charge ratios 
within a second range from the mass selective ion trap 
whilst ions having mass to charge ratios outside of the 
second range are retained within the ion trap; and then 
orthogonally accelerating ions having mass to charge 



ratios within the first and second ranges, wherein the 
first and second ranges are different. 

According to another aspect of the present 
invention, there is provided a method of mass 
5 spectrometry comprising releasing multiple packets of 
ions from a mass selective ion trap upstream of an 
electrode for orthogonally accelerating ions, wherein 
the multiple packets of ions are arranged to arrive at 
the electrode at substantially the same time. The ions 

10 are released according to their mass to charge ratios 
i.e. the ions are released in a mass to charge ratio 
selective manner. 

According to another aspect of the present 
invention, there is provided a mass spectrometer 

15 comprising a mass selective ion trap upstream of an 

electrode for orthogonally accelerating ions, wherein in 
a mode of operation multiple packets of ions are 
released from the ion trap so that the multiple packets 
of ions arrive at the electrode at substantially the 

20 same time. The ions are released according to their 
mass to charge ratios i.e. the ions are released in a 
mass to charge ratio selective manner. 

According to another aspect of the present 
invention there is provided a method of mass 

25 spectrometry comprising substantially continuously 

releasing ions from a mass selective ion trap upstream 
of an electrode for orthogonally accelerating ions, 
wherein the ions are arranged to arrive at the electrode 
at substantially the same time. The ions are released 

30 according to their mass to bharge ratios. 

According to another aspect of the present 
invention there is provided a mass spectrometer 
comprising a mass selective ion trap upstream of an 
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electrode for orthogonally accelerating ions, wherein in 
a node of operation ions are substantially continuously 
released from the ion trap so that the ions arrive at 
the electrode at substantially the same time. 

According to another aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a mass selective ion trap; and an orthogonal 
acceleration Time of Flight mass analyser having an 
electrode for orthogonally accelerating ions into a 
drift region; wherein in a first mode of operation 
multiple packets of ions are progressively released from 
the mass selective ion trap and are sequentially or 
serially ejected into the drift region after different 
delay times and wherein in a second mode of operation 
multiple packets of ions are released so that the 
multiple packets of ions arrive at the electrode at 
substantially the same time. 

According to another aspect of the present 
invention there is provided a method of mass 
spectrometry comprising: progressively releasing 
multiple packets of ions from a mass selective ion trap 
so that the packets of ions are sequentially or serially 
ejected into a drift region of an orthogonal 
acceleration Time of Flight mass analyser by an 
electrode after different delay times; and then 
releasing multiple packets of ions from the mass 
selective ion trap so that the multiple packets of ions 
arrive at the electrode at substantially the same time. 

As will be appreciated from above, two distinct 
main embodiments are contemplated. According to the 
first main embodiment ions having mass to charge values 
within a specific range are ejected from a mass 
selective ion trap such as a 3D quadrupole field ion 



trap upstream of the pusher electrode. Ions not falling 
within the specific range of mass to charge values 
preferably remain trapped within the ion trap. 

The ion trap stores ions and can be controlled to 
eject either only those ions having a specific discrete 
mass to charge ratio, ions having mass to charge ratios 
within a specific range (bandpass transmission) , ions 
having a mass to charge ratios greater than a specific 
value (highpass transmission) , ions having a mass to 
charge ratios smaller than a specific value (lowpass 
transmission) , or ions having mass to charge ratios 
greater than a specific value together with ions having 
mass to charge ratios smaller than another specific 
value (bandpass filtering) . 

The range of the mass to charge ratios of the ions 
released from the mass selective ion trap and the delay 
time thereafter when the pusher electrode orthogonally 
accelerates the ions in the region of the pusher 
electrode can be arranged so that preferably nearly all 
of the ions released from the ion trap are orthogonally 
accelerated. Therefore, it is possible to achieve a 
duty cycle of approximately 100% across a large mass 
range . 

Ions which are not released from the ion trap when 
a first bunch of ions is released are preferably 
retained in the ion trap and are preferably released in 
subsequent pulses from the ion trap. For each cycle, 
ions with a different band or range of mass to charge 
values are released. Eventually, substantially all of 
the ions are preferably released from the ion trap. 
Since substantially all of the ions released from the 
ion trap are orthogonally accelerated into the drift 
region of the Time of Flight mass analyser, the duty 
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cycle for ions of all mass to charge values may approach 
100%. This represents a significant advance in the art. 

According to a second main embodiment of the 
present invention ions are stored in a mass selective 
ion trap and are then released, preferably sequentially, 
in reverse order of mass to charge ratio. ions with the 
highest mass to charge ratios are released first and 
ions with the lowest mass to charge ratios are released 
last. 

Ions with high mass to charge ratios travel more 
slowly and so by releasing these ions first they have a 
head start over ions with lower mass to charge ratios. 
The ions may be accelerated to a constant energy by 
applying an appropriate voltage to the ion trap and may 
then be allowed to travel along a field free drift 
region. By appropriate design of the mass scan law of 
the 3D quadrupole field ion trap or other mass selective 
ion trap, ions may be ejected from the ion trap such 
that all ions irrespective of their mass to charge 
ratios arrive at the pusher electrode at substantially 
the same time and with the same energy. This enables 
the duty cycle for ions of all mass to charge values to 
be raised to approximately 100% and again represents a 
significant advance in the art. 

Where reference is made in the present application 
to a mass selective ion trap it should be understood 
that the ion trap is selective about the mass to charge 
ratios of the ions released from the ion trap unlike a 
non-mass selective ion trap wherein when ions are 
released from the ion trap they are released 
irrespective of and independent of their mass to charge 
ratio. 



Various embodiments of the present invention will 
now be described, by way of example only, and with 
reference to the accompanying drawings in which: 
Fig. 1 illustrates part of the geometry of a 
5 conventional orthogonal acceleration Time of Flight mass 
analyser; 

Fig. 2 illustrates how the duty cycle varies with 
mass to charge ratio for a conventional arrangement 
without an upstream ion trap and for a known arrangement 
10 having a non-mass selective upstream ion trap; 

Fig. 3 shows the time at which ions having mass to 
charge ratios within the range 1-1500 need to be 
released from a mass selective ion trap in order that 
the ions reach the pusher electrode at substantially the 
15 same time according to the second main embodiment; 

Fig. 4 illustrates a known 3D quadrupole field ion 
trap; and 

Fig. 5 shows a stability diagram for the known 3D 
quadrupole field ion trap. 

20 A first main embodiment of the present invention 

comprises a mass selective ion trap such as a 3D 
quadrupole ion trap. A first bunch of ions having mass 
to charge ratios within a first range are released at a 
time ti and then after a delay time Ati the electrode of 

25 the orthogonal acceleration Time of Flight mass analyser 
is energised so that the ions released from the ion trap 
are orthogonally accelerated into the drift region of 
the orthogonal acceleration Time of Flight mass 
analyser. Then a second bunch of ions having different 

30 mass to charge ratios are released from the ion trap and 
the electrode is energised after a second different 
delay time At 2 . This process is preferably repeated 
multiple e.g. three, four, five, six, seven, eight, 



nine, ten or more than ten times until eventually ions 
having mass to charge ratios across the whole desired 
range are released from the ion trap. Advantageously, 
very few of the ions released from the ion trap are lost 
(i.e. are not orthogonally accelerated into the drift 
region) , and hence the duty cycle is correspondingly 
very high across the whole mass range. 

The second main embodiment differs from the first 
main embodiment in that multiple bunches of ions are 
released from the ion trap but the mass to charge ratios 
of the ions released and the timing of the release of 
the ions is such that substantially all of the ions 
released from the ion trap arrive at the pusher 
electrode at substantially the same time and are 
orthogonally accelerated into the drift region by a 
single energisation of the pusher/puller electrode. 
Ions may be released either in a stepped or a 
substantially continuous manner. Although the approach 
of the second main embodiment is different to that of 
the first main embodiment the effect is the same, namely 
that very few ions are lost and the duty cycle is 
correspondingly very high. 

If the drift length from the exit of the mass 
selective ion trap upstream of the pusher electrode 1 to 
the centre of the pusher electrode 1 is L, then the 
distance L may be subdivided into two or more regions of 
lengths LI, L2 etc. and the ion drift energy in each 
region may be defined as VI, V2 etc. The flight time Tl 
for ions having a mass to charge of 1 is- 

"-•(£♦&♦-) 

If Tl is in us, L in meters and V in Volts then the 
constant "a" equals 72. 



- 27 - 

If the maximum mass to charge ratio of ions to be 
detected and recorded is M max then in order for all ions 
to arrive at the pusher electrode at the same time 
according to the second embodiment, the mass to charge 
ratio M of ions released from the ion trap should vary 
as a function of time T according to: 

If the distance L is divided into two regions, a 
first region LI of length 80 mm wherein the ion drift 
energy VI in this region is arranged to be 10 eV, and a 
second region L2 of length 90 mm wherein the ion drift 
energy V2 in this region is arranged to be 40 eV then 
Tl, the flight time for ions having a mass to charge 
ratio equal to 1, will be 2.846 ps. 

If Mmax equals 1500, then assuming that ions with 
mass to charge 1500 are released at time zero then ions 
having mass to charge ratios < 1500 should be released 
from the ion trap at a subsequent time as shown in Fig, 
3. As can be seen, ions of low mass to charge ratios 
should be released approximately 80-100 ys after ions of 
mass to charge ratio 1500. If this is achieved then 
substantially all of the ions released from the ion trap 
will arrive at the pusher electrode at substantially the 
same time, and hence the pusher electrode in a single 
energisation will orthogonally accelerate substantially 
all of the ions released from the ion trap. The ion 
trap may substantially continuously track a mass scan 
law similar to that shown in Fig. 3 or the ion trap may 
follow a mass release law which has a stepped profile. 

A 3D quadrupole field ion trap is shown in Fig. 4 
and the stability diagram for the ion trap is shown in 
Fig. 5* There are numerous ways in which quadrupole 
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field ion traps may be scanned or their mass selective 
characteristics otherwise set or varied so as to eject 
ions sequentially. Methods of ejecting ions from mass 
selective ion traps tend to fall into two categories. 

A first approach is to use mass selective 
instability wherein the RF voltage and/or DC voltage may 
be scanned to sequentially move ions to regimes of 
unstable motion which results in the ions being no 
longer confined within the ion trap. Mass selective 
instability has either a highpass or a lowpass 
characteristic. it will be appreciated that the upper 
mass cut-off (for lowpass operation) or the lower mass 
cut-off (for highpass operation) can be progressively 
varied if desired. 

A second approach is to use resonance ejection 
wherein an ancillary AC voltage (or "tickle" voltage) 
may be applied so as to resonantly excite and eventually 
eject ions of a specific mass to charge ratio. The RF 
voltage or AC frequency may be scanned or otherwise 
varied so as to sequentially eject ions of different 
mass to charge ratios. 

Resonance ejection allows ions of certain mass to 
charge ratios to be ejected whilst retaining ions with 
higher and lower mass to charge ratios. An ancillary AC 
voltage with a frequency equal to the frequency of axial 
secular motion of ions with the selected mass to charge 
ratios may be applied to the end caps of the 3D 
quadrupole field ion trap. The frequency of axial 
secular motion is f/2f$ z , where f is the frequency of the 
30 rf voltage. These ions will then be resonantly ejected 
from the ion trap in the axial direction. The range of 
mass to charge values to be ejected can be increased by 
sweeping the RF voltage with a fixed AC frequency, or by 
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sweeping the AC frequency at a fixed RF voltage . 
Alternatively, a number of AC frequencies may be 
simultaneously applied to eject ions with a range of 
mass to charge values. 

In order to release ions in reverse order of mass 
to charge ratio according to the second main embodiment 
it is required to scan down in mass to charge ratio 
relatively quickly. In order to release ions in the 
axial direction in reverse order using mass selective 
instability it is necessary to scan such that ions 
sequentially cross the p 2 =0 boundary of the stability 
regime. This can be achieved by progressively applying 
a reverse DC voltage between the centre ring and the- end 
caps or by scanning both this DC voltage and the RF 
voltage . 

Alternatively, a small DC dipole may be applied 
between the end caps so that ions with the smallest (J z 
values are displaced towards the negative cap. As this 
voltage is increased ions having high mass to charge 
ratios will initially be ejected followed by ions having 
relatively low mass to charge ratios. This method has 
the advantage of ejecting ions in one axial direction 
only. 

The mass scan law of the mass selective ion trap 
and the timing of the pusher electrode in relation to 
the release of ions from the ion trap may preferably 
take into account the effects of any time lag between 
arriving at conditions for ejection of ions of a 
particular mass to charge ratio and the actual ejection 
of those ions. Such a time lag may be of the order of 
several tens of us. Preferably, this lag is taken into 
account when setting the delay time between scanning the 
ion trap and applying the pusher pulse to the orthogonal 



( 



- 30 - 



10 



acceleration Time of Flight mass analyser. The scan law 
of the applied voltages may also be adjusted to correct 
for this time lag and to ensure that ions exit the trap 
according to the required scan law. 

Resonance ejection may also be used to eject ions 
in reverse order of mass to charge ratio according to 
the second main embodiment. However, resonance ejection 
is less preferred in view of the time required to 
resonantly eject ions, and the limited time available in 
which to scan the ion trap. A full scan is preferably 
required in less than 1 ms . 

It is contemplated that a combination of mass 
selective instability and resonance ejection may be used 
in order to eject ions from the 3D ion trap according to 
15 both main embodiments. 

Ions may potentially be ejected from the ion trap 
with quite high energies e.g. many tens of electron- 
volts or more depending on the method of scanning. The 
ion energies may also vary with mass depending upon the 
20 method of scanning. Since it is desired that all the 
ions arrive at the orthogonal acceleration region with 
approximately the same ion energies, the DC potential of 
the ion trap may preferably be scanned in synchronism 
with the ions leaving the ion trap. The correction to 
25 ion energy could be made at any position between the ion 
trap and the pusher electrode. However, it is 
preferable that the correction is made at the point 
where the ions leave the ion trap and before the drift 
region so that the required mass scan law will remain 
similar to that in the example given above. 

After each scan the mass selective ion trap may be 
empty of ions. The ion trap can be refilled with ions 
from a further upstream ion trap as explained above. 
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The ion trap may then repeat the cycle and sequentially 
eject the ions according to above scan law* 

The pusher voltage is preferably applied to the 
pusher electrode 1 of the orthogonal acceleration Time 
5 of Flight mass spectrometer in synchronism with the 
scanning of the ion trap and with the required time 
delay having preferably taken into account any time lag 
effects . 

A further embodiment is contemplated which combines 

10 the first and second embodiments. For example, the ion 
trap could be scanned in reverse order of mass over a 
selected range of masses according to the second 
embodiment followed by scanning over another selected 
range of masses according to the first embodiment in the 

15 following cycle or vice versa. 

Although a further ion trap may be provided 
upstream of the mass selective ion trap, the provision 
of a further ion trap is optional. For example, 
operation with a pulsed ion source such as laser 

20 ablation or Matrix Assisted Laser Desorption Ionisation 
("MALDI") ion source would not necessarily require two 
ion traps in order to maximise the duty cycle. The 
process of mass selective release of ions and sampling 
with an orthogonal acceleration Time of Flight mass 

25 analyser could be completed within the time period 

between pulses. Accordingly, all the ions over the full 
mass range of interest could be mass analysed prior to 
the ion source being reenergised and hence it would not 
be necessary to store ions from the source in a further 

30 ion trap. 

In order to illustrate this further it may be 
assumed for sake of illustration only that the mass to 
charge ratio range of interest is from 400-3500. Ions 
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having mass to charge ratios falling within a specific 
range may be ejected from the ion trap and accelerated 
to an energy of 40 eV before travelling a distance of 10 
cm to the centre of the orthogonal acceleration region 
of the orthogonal acceleration Time of Flight mass 
analyser. It is assumed that the ejected ions have an 
energy spread of ±4 eV about a mean energy of 40 eV. 
Furthermore, it may be assumed the length of the 
orthogonal acceleration region is 3 cm such that the 
range of path lengths is ±1.5 cm about a mean 10 cm 
path length for acceptance of ions into the orthogonal 
acceleration Time of Flight mass analyser. Finally, it 
is assumed that the ions within the selected range of 
mass to charge ratios are ejected over a period of 2 us. 
It will be seen from the calculations below that the 
full mass range of interest can be covered in a sequence 
of just eight mass selective ejections summarised in the 
table below. 

For each stage in the sequence the delay time 
between ion ejection and the orthogonal acceleration 
pulse is given. It is assumed that the distance between 
the centre of the orthogonal acceleration region and the 
ion detector is 10 cm which equals that between the ion 
trap and the orthogonal acceleration region. The Time 
of Flight time will therefore be equal to the delay 
time. Finally, it has been assumed that the time for 
ion ejection from the ion trap is 20 W s and the overhead 
time required for data handling, programming of 
electronic power supplies, etc. between each stage in 
the sequence is 250 us. 
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Ion 
ejection 
| time 
(usee) 


Delay 
time 
( psec) 


Lowest 
mass for 
full 
transmission 


Highest 
mass for 
full 
transmission 


TOF 
flight 
time 
(usee) 


Overhead 
time 
(Msec) 


Total 
time 
(usee) 


20 


24 


402 


508 


24 


250 


318 


20 


27 


504 


649 


27 


250 


324 


20 


30.5 


637 


836 


30.5 


250 


331 


20 


35 


832 


1111 


35 


250 


340 


20 


40 


1079 


1461 


40 


250 


350 


20 


46.5 


1449 


1989 


46.5 


250 


363 


20 


54 


1942 


2699 


54 


250 


378 


20 


63 


2629 


3694 


63 


250 


396 



In this example it can be seen that the overall 
time required for the full sequence of eight stages of 
5 ion ejection is only 2.8 ms . For MALDI the laser 

repetition rate is currently typically 20 Hz. Hence, 
the time between laser shots is 50 ms and so the 
complete sequence of eight mass selective ejection 
stages can easily be fitted into the time between laser 

10 pulses. 

It is likely that as advances are made the laser 
repetition rate for MALDI may increase to e.g. 100 or 
200 Hz. However, even at 200 Hz the time between laser 
shots will only be 5 ms which still allows sufficient 

15 time for the sequence of eight mass selective ejection 
stages. Hence, for pulsed ion sources such as MALDI, 
the ion sampling duty cycle for the orthogonal 
acceleration Time of Flight mass analyser can be 
increased to approximately 100% with the use of just a 

20 single mass selective ion trap. 

Although the present invention has been described 
with reference to preferred embodiments and other 
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arrangements, it will be understood by those skilled i 
the art that various changes in form and detail may be 
made without departing from the scope of the invention 
as set forth in the accompanying claims- 



Claims 

5 1. A mass spectrometer comprising: 
a mass selective ion trap; 

an orthogonal acceleration Time of Flight mass 
analyser arranged downstream of said ion trap, said 
orthogonal acceleration Time of Flight mass analyser 
10 comprising an electrode for orthogonally accelerating 
ions; and 

a control means for controlling said mass selective 
ion trap and said orthogonal acceleration Time of Flight 
mass analyser, wherein in a mode of operation said 
15 control means controls said ion trap and said orthogonal 
acceleration Time of Flight mass analyser so that: 

(i) at a first time ti ions having mass to charge 
ratios within a first range are arranged to be 
substantially passed from said ion trap to said 

20 orthogonal acceleration Time of Flight mass analyser 

whilst ions having mass to charge ratios outside of said 
first range are not substantially passed to said 
orthogonal acceleration Time of Flight mass analyser; 

(ii) at a second later time t 2 after ti ions having 
25 mass to charge ratios within a second range are arranged 

to be substantially passed from said ion trap to said 
orthogonal acceleration Time of Flight mass analyser 
whilst ions having mass to charge ratios outside of said 
second range are not substantially passed to said 
30 orthogonal acceleration Time of Flight mass analyser; 
and 

(iii) at a later time t puS h after ti and t- A said 
electrode is arranged to orthogonally accelerate ions 



having mass to charge ratios within said first and 
second ranges . 



2. A mass spectrometer as claimed in claim 1, wherein 
at said first time t a ions having mass to charge ratios 
outside of said first range are substantially retained 
within said ion trap. 

3. A mass spectrometer as claimed in claim 1 or 2, 
wherein at said second time t 2 ions having mass to 
charge ratios outside of said second range are 
substantially retained within said ion trap. 

4. A mass spectrometer as claimed in claim 1, 2 or 3, 
wherein said first range has a minimum mass to charge 
ratio Ml min and a maximum mass to charge ratio Ml miiX . 

5. A mass spectrometer as claimed in claim 4, wherein 
the value Ml „,..,,< -Ml miri falls within a range selected from 
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 
100-200; (iv) 200-300; (v) 300-400; (vi) 400-500; (vii) 
500-600; (viii) 600-700; (ix) 700-800; (x) 800-900; (xi) 
900-1000; (xii) 1000-1100; (xiii) 1100-1200; (xiv) 1200- 
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500. 

6. A mass spectrometer as claimed in any preceding 
claim, wherein said second range has a minimum mass to 
charge ratio M2 min and a maximum mass to charge ratio 
M2 max . 

7. A mass spectrometer as claimed in claim 6, wherein 
the value M2 roax -M2 m i r , falls within a range selected from 
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 
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100-200; (iv) 200-300; (v) 300-400; (vi) 400-500; (vii) 
500-600; (viii) 600-700; (ix) 700-800; (x) 800-900; (xi) 
900-1000; (xii) 1000-1100; (xiii) 1100-1200; (xiv) 1200- 
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500. 

5 

8. A mass spectrometer as claimed in claim 6 or 7, 
wherein Ml max > M2 max and/or Ml min > M2 min . 

9. A mass spectrometer as claimed in any preceding 

10 claim, wherein said control means further controls said 
ion trap and said orthogonal acceleration Time of Flight 
mass analyser so that: 

(iv) at a third later time t 3 after ti and t 2 but 
prior to tp„«h ions having mass to charge ratios within a 

15 third range are arranged to be substantially passed from 
said ion trap to said orthogonal acceleration Time of 
Flight mass analyser whilst ions having mass to charge 
ratios outside of said third range are not substantially 
passed to said orthogonal acceleration Time of Flight 

20 mass analyser; and 

wherein at said time t push said electrode is 
arranged to orthogonally accelerate ions having mass to 
charge ratios within said first, second and third 
ranges . 

2 5 

10. A mass spectrometer as claimed in claim 9, wherein 
at said third time ts ions having mass to charge ratios 
outside of said third range are substantially retained 
within said ion trap. 

30 

11. A mass spectrometer as claimed in claim 9 or 10, 
wherein said third range has a minimum mass to charge 
ratio M3 min and a maximum mass to charge ratio M3 max . 
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12. A mass spectrometer as claimed in claim 11, wherein 
the value M3 max -M3 rai „ falls within a range selected from 
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 
100-200; (iv) 200-300; (v) 300-400; (vi) 400-500; (vii) 
500-600; (viii) 600-700; (ix) 700-800; (x) 800-900; (xi) 
900-1000; (xii) 1000-1100; (xiii) 1100-1200; (xiv) 1200- 
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500. 

13. A mass spectrometer as claimed in claim 11 or 12, 
wherein M2 max > M3 max and/or M2 min > M3 raln . 

14. A mass spectrometer as claimed in any of claims 9- 
13, wherein said control means further controls said ion 
trap and said orthogonal acceleration Time of Flight 
mass analyser so that: 

(v) at a fourth later time t« after t,, t 2 and t 3 
but prior to t push ions having mass to charge ratios 
within a fourth range are arranged to be substantially 
passed from said ion trap to said orthogonal 
acceleration Time of Flight mass analyser whilst ions 
having mass to charge ratios outside of said fourth 
range are not substantially passed to said orthogonal 
acceleration Time of Flight mass analyser; and 

wherein at said time t piish said electrode is 
arranged to orthogonally accelerate ions having mass to 
charge ratios within said first, second, third and 
fourth ranges. 

15. A mass spectrometer as claimed in claim 14, wherein 
at said fourth time t, ions having mass to charge ratios 
outside of said fourth range are substantially retained 
within said ion trap. 



16. A mass spectrometer as claimed in claim 14 or 15, 
wherein said fourth range has a minimum mass to charge 
ratio M4 min and a maximum mass to charge ratio M4 ro<lx . 

17. A mass spectrometer as claimed in claim 16, wherein 
the value M4 max -M4 min falls within a range selected from 
the group consisting of: (i) 1-50; (ii) 50-100; (iii) 
100-200; (iv) 200-300; (v) 300-400; (vi) 400-500; (vii) 
500-600; (viii) 600-700; (ix) 700-800; (x) 800-900; (xi) 
900-1000; (xii) 1000-1100; (xiii) 1100-1200; (xiv) 1200- 
1300; (xv) 1300-1400; (xvi) 1400-1500; and (xvii) >1500. 

18. A mass spectrometer as claimed in claim 16 or 17, 
wherein M3 max > M4 max and/or M3 min > M4 min . 

19. A mass spectrometer as claimed in any preceding 
claim, wherein said ion trap is selected from the group 
consisting of: (i) a 3D quadrupole ion trap; (ii) a 
magnetic ("Penning") ion trap; and (iii) a linear 
quadrupole ion trap. 

20. A mass spectrometer as claimed in any preceding 
claim, wherein said ion trap comprises in use a gas and 
ions are arranged to either: (i) enter said ion trap 
with energies such that said ions are collisionally 
cooled without substantially fragmenting upon colliding 
with said gas; or (ii) enter said ion trap with energies 
such that at least 10% of said ions are caused to 
fragment upon colliding with said gas. 
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21. A mass spectrometer as claimed in any preceding 
claim, wherein ions are released from said ion trap by 
mass-selective instability. 

22. a mass spectrometer as claimed in claim 21, wherein 
Ml max and/or M2 Inax and/or M3 max and/or M4 m „ x are at 
infinity. 

23. a mass spectrometer as claimed in claim 21, wherein 
Ml nln and/or M2 mln and/or M3 roln and/or HA^ are zero. 

24. A mass spectrometer as claimed in any preceding 
claim, wherein ions are released from said ion trap by 
resonance ejection. 

25. A mass spectrometer as claimed in any preceding 
claim, wherein said orthogonal acceleration Time of 
Flight mass analyser comprises a drift region and an ion 
detector, wherein said electrode is arranged to 
orthogonally accelerate ions into said drift region. 

26. A mass spectrometer as claimed in any preceding 
claim, further comprising: 

an ion source; 

a quadrupole mass filter; and 
a gas collision cell for collision induced 
fragmentation of ions. 

27. A mass spectrometer as claimed in any preceding 
claim, further comprising a continuous ion source. 

28. A mass spectrometer as claimed in claim 27, wherein 
said continuous ion source is selected from the group 



consisting of: (i) an Electrospray ion source; (ii) an 
Atmospheric Pressure Chemical Ionisation ("APCI") ion 
source; (iii) an Electron Impact ("EI") ion source; 
(iv) an Atmospheric Pressure Photon Ionisation ("APPI" ) 
ion source; (v) a Chemical Ionisation ("CI") ion source; 
(vi) a Fast Atom Bombardment ("FAB") ion source; (vii) a 
Liquid Secondary Ions Mass Spectrometry ("LSIMS") ion 
source; (viii) an Inductively Coupled Plasma ("ICP") ion 
source; (ix) a Field Ionisation ("FI") ion source; (x) a 
Field Desorption ("FD" ) ion source. 

29. A mass spectrometer as claimed in any of claims 1- 
2 6, further comprising a pseudo-continuous ion source. 

30. A mass spectrometer as claimed in claim 29, wherein 
said pseudo-continuous ion source comprises a Matrix 
Assisted Laser Desorption Ionisation ( "MALDI " ) ion 
source and a drift tube or drift region arranged so that 
ions become dispersed. 

31. A mass spectrometer as claimed in claim 30, wherein 
a gas is arranged in said drift tube or drift region to 
collisionally cool said ions. 

32. A mass spectrometer as claimed in any of claims 1- 
26, further comprising a pulsed ion source. 

33. A mass spectrometer as claimed in claim 32, wherein 
said pulsed ion source is selected from the group 
consisting of: (i) a Matrix Assisted Laser Desorption 
Ionisation ("MALDI") ion source; and (ii) a Laser 
Desorption Ionisation ("LDI") ion source. 
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34. A mass spectrometer as claimed in any preceding 
claim, further comprising a further ion trap upstream of 
said ion trap. 

35. A mass spectrometer as claimed in claim 34, wherein 
in a mode of operation the axial electric field along 
said further ion trap is varied. 

36. a mass spectrometer as claimed in claim 35, wherein 
said axial electric field is varied temporally and/or 
spatially. 

37. A mass spectrometer as claimed in claim 34, 35 or 

36, wherein in a mode of operation ions are urged along 
said further ion trap by an axial electric field which 
varies along the length of said further ion trap. 

38. A mass spectrometer as claimed in any of claims 34- 

37, wherein in a mode of operation at least a portion of 
said further ion trap acts as an AC or RF-only ion guide 
with a constant axial electric field. 

39. A mass spectrometer as claimed in any of claims 34- 

38, wherein in a mode of operation at least a portion of 
said further ion trap retains or stores ions within one 
or more locations along the length of said further ion 
trap. 

40. A mass spectrometer as claimed in any of claims 34- 

39, wherein said further ion trap comprises an AC or RF 
ion tunnel ion trap comprising at least 4 electrodes 
having similar sized apertures through which ions are 
transmitted in use. 



41. A mass spectrometer as claimed in claim 34, wherein 
said further ion trap is selected from the group 
consisting of: (i) a linear quadrupole ion trap; (ii) a 
linear hexapole, octopole or higher order multipole ion 
trap; (iii) a 3D quadrupole ion trap; and (iv) a 
magnetic ("Penning") ion trap. 

42. A mass spectrometer as claimed in any of claims 34- 

41, wherein said further ion trap substantially 
continuously receives ions at one end. 

43. A mass spectrometer as claimed in any of claims 34- 

42, wherein said further ion trap comprises in use a gas 
and ions are arranged to either: (i) enter said further 
ion trap with energies such that said ions are 
collisionally cooled without substantially fragmenting 
upon colliding with said gas; or (ii) enter said further 
ion trap with energies such that at least 10% of said 
ions are caused to fragment upon colliding with said 
gas . 

44. A mass spectrometer as claimed in any of claims 34- 

43, wherein said further ion trap periodically releases 
ions and passes at least some of said ions to said ion 
trap . 

45. Amass spectrometer comprising: 
a 3D quadrupole ion trap; 

an orthogonal acceleration Time of Flight mass 
analyser arranged downstream of said 3D quadrupole ion 
trap, said orthogonal acceleration Time of Flight mass 
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analyser comprising an electrode for orthogonally 
accelerating ions; and 

control means for controlling said ion trap. and 
said electrode, wherein said control means causes: 
U) at a first time t a a first packet of ions 
having mass to charge ratios within a first range to be 
released from said ion trap; and 

(ii) at a second later time t 2 after t a a second 
packet of ions having mass to charge ratios within a 
second range to be released from said ion trap; and then 

(iii) at a later time t push after t, and t 2 said 
electrode to orthogonally accelerate said first and 
second packets of ions. 

46. A mass spectrometer as claimed in claim 45, wherein 
said control means further causes: 

(iv) at a time t 3 after tl and t 2 but prior to t push 
a third packet of ions having mass to charge ratios 
within a third range to be released from said ion trap; 
and 

(v) at a time t« after t 1# t 2 and t 3 but prior to 
tp US », a fourth packet of ions having mass to charge 
ratios within a fourth range to be released from said 
ion trap. 

47. A mass spectrometer as claimed in claim 46, wherein 
said first, second, third and fourth ranges are all 
different . 



48. A mass spectrometer as claimed in claim 46 or 47, 
wherein said first range has a maximum mass to charge 
ratio Ml ra3X , said second range has a maximum mass to 
charge ratio M2 m , x , said third range has a maximum mass 



to charge ratio M3 max , said fourth range has a maximum 
mass to charge ratio M4 max , and wherein Ml max > M2 m * x > 
M3 max > M4 max • 

49. A mass spectrometer as claimed in claim 46 or 47, 
wherein said first range has a maximum mass to charge 
ratio Ml max , said second range has a maximum mass to 
charge ratio M2 ma x, said third range has a maximum mass 
to charge ratio M3 max , said fourth range has a maximum 
mass to charge ratio M4 max , and wherein Ml max = M2 roax = 
M3 max = M4 ma x = 

50 . A mass spectrometer as claimed in claim 46, 47 or 
48, wherein said first range has a minimum mass to 
charge ratio Ml„,i n , said second range has a minimum mass 
to charge ratio M2 min , said third range has a minimum 
mass to charge ratio M3 ro i n , said fourth range has a 
minimum mass to charge ratio M4 max/ and wherein Ml min > 
M2 min > M3 mln > M4 min . 

51. A mass spectrometer as claimed in claim 46, 47 or 
48, wherein said first range has a minimum mass to 
charge ratio Mln, in , said second range has a minimum mass 
to charge ratio M2 min/ said third range has a minimum 
mass to charge ratio M3 mln , said fourth range has a 
minimum mass to charge ratio M4 max/ and wherein Ml m i n = 
M2 min = M3 min = M4 min = 0. 

52. A method of mass spectrometry comprising: 
ejecting ions having mass to charge ratios within a 
first range from a mass selective ion trap whilst ions 
having mass to charge ratios outside of said first range 
are retained within said ion trap; then 
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ejecting ions having mass to charge ratios within a 
second range from the mass selective ion trap whilst 
ions having mass to charge ratios outside of said second 
range are retained within said ion trap; and then 
orthogonally accelerating ions having mass to charge 
ratios within said first and second ranges, wherein said 
first and second ranges are different. 

53. A method of mass spectrometry comprising releasing 
multiple packets of ions from a mass selective ion trap 
upstream of an electrode for orthogonally accelerating 
ions, wherein said multiple packets of ions are arranged 
to arrive at said electrode at substantially the same 
time . 

54. A mass spectrometer comprising a mass selective ion 
trap upstream of an electrode for orthogonally 
accelerating ions, wherein in a mode of operation 
multiple packets of ions are released from said ion trap 
so that said multiple packets of ions arrive at said 
electrode at substantially the same time. 

55. A method of mass spectrometry comprising 
substantially continuously releasing ions from a mass 
selective ion trap upstream of an electrode for 
orthogonally accelerating ions, wherein said ions are 
arranged to arrive at said electrode at substantially 
the same time. 

56. a mass spectrometer comprising a mass selective ion 
trap upstream of an electrode for orthogonally 
accelerating ions, wherein in a mode of operation ions 
are substantially continuously released from said ion 



( 
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trap so that said ions arrive at said electrode at 
substantially the same time. 



57. A mass spectrometer comprising: 
5 a mass selective ion trap; and 

an orthogonal acceleration Time of Flight mass 
analyser having an electrode for orthogonally 
accelerating ions into a drift region; 

wherein in a first mode of operation multiple 

10 packets of ions are progressively released from said 

mass selective ion trap and are sequentially or serially 
ejected into said drift region after different delay 
times and wherein in a second mode of operation multiple 
packets of ions are released so that said multiple 

15 packets of ions arrive at said electrode at 
substantially the same time. 

58. A method of mass spectrometry comprising: 
progressively releasing multiple packets of ions 

20 from a mass selective ion trap so that said packets of 
ions are sequentially or serially ejected into a drift 
region of an orthogonal acceleration Time of Flight mass 
analyser by an electrode after different delay times; 
and then 

-25 releasing multiple packets of ions from said mass 

selective ion trap so that said multiple packets of ions 
arrive at said electrode at substantially the same time. 




: lcitent • 
% Ollicc I , 




INVESTOR FN PfcOPLE 



'Or 



Application No: 
Claims searched: 



GB 0227327.4 
AI! 



Examiner: 
Date of search: 



Geoff Holmes 
29 August 2003 



Patents Act 1977 : Search Report under Section 17 



Category 


Relevant 
to claims 


Identity of document and 


passage or figure of particular relevance 


A E 




EP 1302973 A2 


[HITACHI) whole document relevant 


A 




JP 2001297730 A 


I HITACHI] see abstract & figures 


A 




WO 01/15201 Al 


IRHEINHOLD et al.] 


A 




WO 98/06481 Al 


f ANAYTICAJ 



Categories: 



X IX— n, inilica , ing taclt iwvelty w invcMjvc Mcp A Document indicate technic, background and/o, state ofme an. 
& Member of ihe same patera family 



the Whig date of this invention. 

li Patent document published on or after, but wilh priority dale earlier 
than, the filing date of this application. 



Field of Search: 

Search of GB. EP, WO & US patent documents classified in the following are., gf me UKC V 
HID — 

. Worldwide search of patent docu ments classified in the following area s of die IPC 7 : 
G01N; H01 J 



The tollowinr wlhK H»HJ t>flirr (Irlfntws have hern „s.d in the nr^ f ^ ^ 

WPI, EPODOC, JAPIO 



Executive Agency of ihe Department t>f Trade and Industry 



